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® A switching arrangement for handing off wireless terminals from one base station to another via 
processes used for wired terminals. 
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® A switch arrangement that includes base stations 
connected to one or more switches, which base 
stations are adapted for communicating with wireless 
terminals. Hand-off of communicating wireless termi- 
nals --from one base station to another t>ase station 
~ is effected in the switch(es) with features that 
already are used in the switch(es) to support wired 
terminals. In some applications the "bridging" fea- 
ture can be used, while in other applications "con- 
ference call" and "call transfer" features are com- 
bined. 
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Background of the Invention 

This invention relates to switch arrangements 
for both wired and wireless terminals. 

Wireless telephones are becoming ubiquitous. 
Presently, they are used in specialized wireless 
networks. In the cellular network, cellular tele- 
phones communicate with base stations (which 
form the centers of cells) and the base stations 
relay the communications to the more expansive 
"landline- switching networks. Typically, the wire- 
less networks are at least in part geographically co- 
extensive with the landline networks but other than 
the interface points, they do not co-mingle. 

It is desirable, of course, to create an arrange- 
ment in which the two networks are effectively 
merged. Viewed differently, it would be beneficial 
to augment some of the apparatus in the conven- 
tional landline networks, for example, PBXs and 
central office switches, and thereby allow them to 
interact directly with wireless terminals. Of course, 
since such systems would be required to concur- 
rently handle both wireless and wired terminals, it 
would appear that such a system is qualitatively 
different from conventional cellular telephone sys- 
tems and from conventional telephone systems. 

A number of manufacturers have attempted to 
fulfill this need. Northern Telecom, for example, 
has designed a system (commercially known as 
the "Companion" system, with a few trial systems 
sold In the U.S.) that allows both wired and wireless 
connections to a switching machine. The wireless 
capability Is achieved by including a base station 
that interacts with (at most two simultaneous) wire- 
less terminals. The base station is connected to a 
controller through a single twisted pair, and the 
controller is connected to a conventional switch 
through at most six analog lines. Wired terminals 
may be connected to the controller through twisted 
pairs. 

As with systems offered by other suppliers, 
much of what happens within the "Companion" 
system is considered proprietary by Northern 
Telecom and Is therefore unknown to the public. 
What is known, however, is that whatever tracking 
or polling (if any) of the wireless terminals is ear- 
ned out. and whatever hand-off capabilities are 
present in the system, they are implemented in 
and by the controller. The switch does not partici- 
pate in these processes. Also, the controller inter- 
faces with the switch only through analog lines, and 
therefore, all of the digital features available in the 
switch are lost to the terminals that are connected 
to the controller. 

Clearly, it would be beneficial to have an ar- 
rangement where no features are lost. It would be 
also beneficial to design a system, architecture, 
and approach that can be employed with adjuncts 
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(as in the controller of the "Companion" system) 
and retrofitted Into existing switch arrangements, 
allowing them to service both wired and wireless 
terminals i.e., wireless telephones, wireless com- 
puters, wireless fax machines, etc. It would be even 
more advantageous if such a system could be 
incorporated Into the switch itself (obviating the 
need for an adjunct) and yet be able to handle both 
wired and wireless terminals. 

Summary of the Invention 

The desired benefits are achieved with a switch 
arrangement that employs features which already 
exist in the switch to othenvise realize capabilities 
that are necessary to support wired terminals. 

One capability that Is necessary for wireless 
operations is the ability to hand-off the terminals as 
they roam anywhere within the permissible area 
while actively communicating. This capability Is 
achieved herein through existing features of the 
switch that are designed to handle wired terminals; 
to wit the the "conferencing" feature, and the "call 
transfer" feature. In connection with a wired terml- 
nars use of these features, the conference feature 
effectively connected the conferenced terminal in 
parallel to the terminal that activates the feature. 
The call transfer feature allows a communicating 
terminal to request that the communiation be termi- 
nated with that terminal and, instead, continued 
with another terminal. 

Handing off of wireless terminals from one 
base station to another is achieved by, for exam- 
ple, the wireless terminal requesting that the active 
call be conferenced with the appearance of the 
very same terminal as another base station (at 
which the wireless terminal is registered). Once the 
connection Is established and the wireless terminal 
Is communicated through both base stations con- 
currently, the wireless terminal requests that the 
call be transferred. In applications where the time 
required to effect a call transfer Is sufficiently short, 
the confererice feature need not be used. 

Brief Description of the Drawing 

FIG. 1 Illustrates an arrangement for servicing 
both wired and wireless terminals from common 
switches: 

FIG. 2 presents a signal format; 

FIG. 3 illustrates the use of an adjunct processor 

to retrofit a wireless capability in arrangements 

that include older switches; 

FIG. 4 presents a general block diagram of a 

base station; and 

FIG. 5 presents a general block diagram of a 
wireless terminal. 
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Detailed Description 

FIG. 1 presents a block diagram of a system 
that employs the principles of this Invention. Net- 
work 100 is a telecommunications network with 
switches 110 and 120, which may be digital switch- 
es that provide ISDN line interfaces. These may be 
BRI (Basic Rate Interface) line interfaces as well as 
PRI (Primary Rate Interface) line interfaces. Such 
switches, be it PBXs or central office switches, are 
well known in the art. 

As an aside, a BRI interface offers one D 
channel and 2 B channels, whereas a PRI interface 
offers one D channel and 23 B channels (in North 
America). The BRI signal format is depicted with 
more particularity in FIG. 2, which shows a frame 
that is 48 bits long. The frame includes D channel 
bits in bit positions 12, 25. 36. and 47; B1 channel 
bits in bit positions 3-10 and 27-34; B2 channel bits 
in bit positions 16-23 and 38-45; and maintenance 
and framing bits in all other bit positions. The B 
channel and D channel bits can be collected over a 
multiple number of frames, yielding effectively two 
64Kbit B channels for each 16 Kbit D channel. The 
BRI interface allows the D channel to keep track of 
eight connected terminals, although only two can 
be active at any one time (over the two B chan- 
nels). 

Returning to FIG. 1, switch 110 illustratively 
has a BRI line 1 1 1 connected to a telephone termi- 
nal 112 and to a BRI wireless base station 113. BRI 
line 111 could have been connected solely to base 
station 113 or solely to telephone terminal 112. The 
ability to connect to both base 113 and terminal 

112 forms one feature of the FIG. 1 system, which 
is described in greater detail below. Wireless base 

113 has the capacity to handle wired terminals and 
wireless terminals. The wired terminal capability is 
illustrated by the connection of computer 114, and 
the wireless capability is illustrated via the commu- 
nication with wireless telephones 115, 116 and 118, 
and wireless computer 117. It may be observed 
that wireless telephone 118 is drawn differently 
from wireless telephones 115 and 116. The latter 
telephones are drawn "open" to designate that 
these wireless telephones are in an active commu- 
nication state with the base, and a call is in 
progress. Wireless telephone 118 is drawn 
"closed" to indicate that the wireless telephone is 
inactive, and a call is not in progress. 

Switch 120 may be identical to switch 110. It is 
shown to include BRI lines 121 and 122 and PRI 
line 123. Line 122 is connected solely to telephone 
terminal 124. line 123 is connected to PRI base 
station 125, and BRI line 121 is connected to 
telephone terminal 126 and to BRI base station 
127. 
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Base station 127 is communicating with wire- 
less telephones 128 and 129 which are active, with 
wireless telephone 130 which is inactive, and with 
wireless computer 131. Base station 125 is com- 

5 municating with wireless computer 132 and with 
wireless telephones 133-138. Since the BRI base 
stations carry 2 B channels, it is contemplated that 
two terminals will be allowed to be active at any 
one time. In PRI base stations, 23 terminals will be 

10 allowed to be active at any one time. 

At this point it may be useful to digress a bit 
from the structure of the FIG. 1 arrangement and 
discuss wireless transmission per $e. 

First, it is contemplated that the base stations 

IS will operate in a manner similar to that of cellular 
base stations. Specifically, it- is contemplated that 
the base stations will employ a communication 
frequencies schema not unlike that of cellular sys- 
tems, coupled with transmission power arrange- 

20 ments that limit the cell sizes appropriately (so as 
not to co-mingle the signals of two base stations 
that use the same frequencies). This allows the 
wireless terminals to listen to all relevant frequen- 
cies simultaneously, determine the frequencies that 

25 have the strongest signal, and thus approximate 
their proximity to the various base stations. 

As for the general protocol related to commu- 
nication over the air, consideration must be given 
to the fact that the "over the air" channel is some- 

30 what impaired (it suffers from various maladies, 
such as fading and collisions between the signals 
of different wireless terminals). Solutions to these 
problems are well known in the art, however, (e.g., 
ALOHA) and do not form a part of this invention. 

35 Over and above the protocols related to the 

vagaries of wireless communication, we contem- 
plate employing a transmission format that is 
based on time division multiplexing (TDM). For 
convenience, all base stations are synchronized to 

40 each other as described, for example, in a co- 
pending application titled "Arrangement for Syn- 
chronizing A Plurality of Base Stations" which was 
filed on July 1, 1993, and bears the Serial No. 
08/086678. and in U.S. Patent 5,195,090, issued on 

45 March 16. 1993. Although not required, it is also 
convenient to follow the ISDN format generally (if 
not exactly) for the wireless communication. That 
is, accepting that a protocol is implemented which 
is responsive to the need to communicate in an 

50 error-free way over the air, the format of the signals 
transmitted and received by the base stations (and 
the wireless terminals) may be as shown in FIG. 2. 

In operation, the B channels bits and the D 
channel bits are collected over time in appropriate 

55 buffers (in the base stations and the wireless termi- 
nals), and with the aid of the maintenance and 
framing bits, B channels and D channel data 
streams are developed. The time for each bit 
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shown in FIG, 2 may be divided into a transmit 
portion and a receive portion. Alternatively, every 
other frame of data can be allocated to transmis- 
sion by the base station, with the other frames 
allocated to reception by the base station. Again, 5 
the particular transmission interface is a design 
choice and is unimportant to this invention. Suffice 
it to say that both the base stations and the termi- 
nals can identify the data of the two B channels 
and the data of the D channel. 

Moreover, since the D channel of the standard 
BRI interface can keep track of eight terminals, the 
"over the air" wireless protocol for the BRI base 
stations is arranged to similarly keep track of any 
eight wireless terminals over the D channel. The 75 
circuits within the wireless terminals and within the 
base stations are arranged to accumulate D chan- 
nel bits in a buffer and deliver the bits to the 
appropriate processing circuits in bursts, or pack- 
ets, where the number of bits in each packet is 20 
sufficient to convey the needed, processable. in- 
formation. 

Since the specific "over the air" transmission 
method is not material, to assist in understanding 
the description herein the following assumes that 25 
the D channel data is communicated "over the air" 
in packets, e.g. having 32 bits each, alternating in 
direction, and time multiplexed with B channels 
data and maintenance and framing data. Each pair 
of such packets (one in each direction) belongs to 30 
a different one of eight subchannels (in a BRI base 
station), and each subchannel keeps track of a 
different wireless terminal. Of course, a PR! base 
station supports 23 subchannels. 



Tracking 



35 



One capability that is incorporated in the ar- 
rangement of FIG. 1 and which is deemed neces- 
sary for the proper operation of multi-cell wireless 4o 
systems, is the ability to track movement of the 
wireless terminals from cell to cell. (As indicated 
above, in the context of the FIG. 1 system, each 
base station defines a cell.) Indeed, the arrange- 
nnent of FIG. 1 is able to track a wireless terminal 45 
as it roams from the neighborhood of one base 
station of a switch to the neighborhood of another 
base station of the same switch. Moreover, as will 
be shown below, the ability exists for tracking a 
wireless terminal even as it roams from the base 50 
station of one switch to the base station of another 
switch. This tracking can be under control of the 
wireless terminals or under control of the switches. 
(In the context discussed herein, and in connection 
with tracking, "control" relates to the initiation of 55 
the processes that result in tracking of the roaming 
wireless terminals.) 



A unique aspect of the tracking process dis- 
closed herein is that the tracking is accomplished 
through use of a feature, or capability, which is 
already available in present day switches and 
which is used in connection with the provision of 
another service to wired terminals. This Is the "reg- 
istration" feature (illustrated by block 102 in switch 
120). 

The "registration" feature - which is a feature 
for which there are well known implementations ~ 
is associated with specially designed telephones 
and corresponding software-controlled capability in 
the switches, such as the DEFINITY (Registered 
Trademark of AT&T) PBX and the No. 5 ESS 
switch (Registered Trademark of AT&T). These 
telephones are designed to activate themselves 
whenever they are Initially connected to a port of 
the switch (e.g. plugged into a modular plug that is 
commonly found in the home or an office). When 
so activated, the telephones send unique identifica- 
tion information to the switch. This information may 
comprise the designated phone number or exten- 
sion number of the telephone terminal, the type of 
terminal it is. etc. The software-controlled feature in 
the switch (e.g. 120) is designed to accept this 
information and to "register", or associate, the ex- 
tension number and the type, identity or char- 
acteristics of the terminal with the line appearance 
within the switch. This allows the switch to know 
what features to provide to that particular line ap- 
pearance, as well as what calls to fon^^ard to the 
line appearance. To the user of the wired telephone 
terminal, it appears that the system allows move- 
ment of telephone line extensions simply by mov- 
ing the physical telephone, with no need to admin- 
ister the system in any manner; a very handy 
feature indeed, particularly for a PBX of a dynamic 
business enterprise. 

Strictly speaking, the registration, or identifica- 
tion, process as described above is temiinal-ac- 
tivated. because it occurs when the terminal Is 
initially connected to the switch. It Is also possible 
for the registration to be switch-activated. Such an 
approach is achieved when the switch interrogates 
the terminals connected to it. for example at regu- 
lar Intervals, and through the message received 
from the wireless terminals by way of a response, 
verifies that whatever the switch believes to be 
present and connected to it. indeed is. 

What follows Is one method for employing the 
registration feature to track wireless terminals. 

In operation, each base station in the FIG. 1 
arrangement repetitively transmits (over the air) a 
hailing packet which contains an ID field that Iden- 
tifies the base station, a destination field that Iden- 
tifies the wireless terminal with which the base 
station is attempting to communicate, and a data 
field. The destination field can be blank, of course. 
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indicating that the subchannel to which this packet 
belongs Is empty, or unoccupied. 

Wireless terminals in the neighborhood of a 
base station are either already registered with the 
base station, or are not yet registered with the base 
station. Those that are registered, whether active 
(e.g., terminal 116) or inactive (e.g., terminal 118), 
listen to the transmitted hailing packets and capture 
the packet that is addressed to them. The wireless 
terminals respond to the data contained in the 
packet (e.g. carry out a requested action), and 
transmit a response packet back. Similar to a hail- 
ing packet, the response packet carries the base 
station ID, the wireless ID, and data. For example, 
the response packet of an inactive, dormant, wire- 
less terminal may simply have no Information In 
the data field. Its wireless ID is all that the base 
station needs to maintain registration. 

A wireless terminal that is not yet registered 
but finds itself in the neighborhood of the base 
station is not hailed by "name". However, should 
the base station transmit some unoccupied hailing 
packets, the terminal recognizes that It is receiving 
such packets and. when the received signal is 
strong enough, the wireless terminal randomly se- 
lects an unoccupied packet and responds with a 
packet that contains its wireless ID. If a collision 
occurs (because another unregistered wireless ter- 
minal happened to choose the same packet to 
register with) then the base station simply fails to 
register the terminal and another unoccupied pack- 
et must be selected. (Otherwise, the base station 
assigns the subchannel selected by the wireless 
terminal to that terminal and henceforth hails that 
wireless terminal over that subchannel. 

When a wireless terminal fails to respond to a 
preselected number of hailing packets that are spe- 
cifically addressed to It, the base station assumes 
that the wireless terminal has left its neighborhood 
and makes that subchannel unoccupied. 

As an aside, the measurement of signal 
strength can also be made at the base stations 
rather than at the wireless terminals. A terminal can 
then respond to all unoccupied hailing packets — 
from whatever base station they originate - and 
allow a base station which chooses to register the 
terminal (because Its signar is strong enough) to 
hail the terminal by "name" (Its wireless ID). There- 
after, the wireless terminal would respond only to 
hailing packets that are addressed to it by "name". 

The above describes the "over the air" track- 
ing. This tracking can be initiated by the t^ase 
units, or by the switch itself. Regardless of which 
unit initiates the tracking it does not necessarily 
follow that every time a wireless terminal responds 
to a hailing packet, a signal must be sent from the 
base station to the switch. Rather, it is generally 
acceptable for the base station to relay the iden- 
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tification information to the switch only when there 

is a change in conditions that the switch needs to 
be made aware of, such as when a new wireless 
terminal identifies itself to be in the neighborhood 

5 of, and therefore associated with, the base station; 
or. conversely, when a wireless terminal that used 
to be associated with the base fails to respond. 
This saves the switch from activating the "registra- 
tion" process (block 102) unnecessarily, but it does 

10 impose a slight burden on the base station. This 
burden can be carried quite easily, however, by 
simply including a memory in the base stations 
that keeps track of the terminals that are asso- 
ciated, or registered, with the base station. 

75 The paragraph above Impliedly also assigns a 

translation function to the base stations to the ex- 
tent that the format of data In the over the air" 
transmission is not identical to the format of data 
that the switch expects. Indeed, a designer of a 

20 FIG. 1 embodiment might include a specific trans- 
lation module to allow the base station the design 
flexibility to respond to wireless terminals of dif- 
ferent manufacturers and somewhat different, but 
yet compatible, designs. Such translating can be 

25 accomplished with a simple reformatting process 
that can be programmed into a micro-processor. 
Nevertheless, it should be noted that such translat- 
ing is not a requirement of the FIG. 1 arrangement. 
Indeed, other advantages accrue if the wireless 

30 terminals provide an Identitication string that is 
identical in format to that expected by the switch. A 
mix is also possible. That is, the base stations of 
FIG. 1 can translate the messages of only those 
terminals that need such translating. 

35 

Tracking From Cell to Cell Between Switches 

Needless to say, it would be advantageous to 
be able to track the movement of wireless termi- 

40 nals not only between base stations connected to 
one switch (e.g. from base station 127 to base 
station 125), but also to track such movement 
between base stations of different switches. Such 
tracking may be effected through broadcasting 

45 among the switches, through a master database, 
through directed transmission from one switch to 
another switch, or through control signals sent to 
the switches by the wireless terminals. 

For illustrative purposes the following describes 

50 the broadcasting approach. One may consider, for 
example, that each wireless terminal has a "home" 
switch to which the wireless terminal is assigned. In 
a well-administered arrangement, the wireless ter- 
minal would most often be found in the neightx)r- 

55 hood of the "home" base station. When a call is 
placed to a wireless terminal, it normally goes to 
the home switch of that wireless terminal. As long 
as the wireless terminal is within the home switch's 

5 
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neighborhood (probably the archetypical condition 
when the switch is a PBX of a business enterprise 
and the wireless terminal belongs to an employee 
of that business), the switch already knows with 
which base station the wireless terminal is asso- 
ciated, and directs incoming calls to that base 
station. The base station alerts the wireless termi- 
nal, the wireless terminal goes "off hook", and a 
connection (e.g. over one of the B channels) is 
established through appropriate signaling over the 
D channel. In effect, all signaling is carried over the 
D channel. This includes setup information, call 
take-down information, feature activation informa- 
tion, and others. Even digital data as such can be 
communicated over the D channel. 

However, when the called wireless terminal is 
not within the neighborhood of its "home" switch, 
then the call to that wireless terminal cannot be 
completed, unless the "home" switch or the net- 
work (100) knows where the wireless terminal Is. 
More precisely, the need Is know to which network 
100 switch should the call be fonrt^arded. 

In the broadcast mode, whenever a switch 
(e.g.. switch 110) recognizes the presence of a 
wireless terminal (e.g., terminal 130) whose home 
switch is other than itself. It broadcasts the identity 
of the wireless terminal over network 100. (This 
assumes that the information provided by the wire- 
less terminal does not identify Its home switch.) A 
switch in the network (e.g., switch 120) recognizes 
that wireless terminal as "Its own", communicates 
that information to the broadcasting switch, and the 
latter then knows the identity of the switch to which 
calls are to be directed. As an aside, the directing 
of calls (destined to wireless terminal 130. In the 
above example) can be by way of relaying the call 
from the home switch (switch 110) to the other 
switch (switch 120), or it can be by way of inform- 
ing network 100 that calls (to terminal 130) are to 
be routed directly to the switch that can commu- 
nicate with the called wireless terminal. This relay- 
ing process (sometimes referred to as "call for- 
warding") is well known in the art. 

Alternatively, the wireless ID transmitted by 
each wireless terminal may Include the Identity of 
the home switch. In such embodiments no broad- 
casting is necessary and the switch that receives 
an identification string which specifies a home 
switch other that Itself will immediately notify the 
proper home switch (or network 100) of the wire- 
less terminal's location. 

Call Hand-Off 

It goes almost without saying that the arrange- 
ment of FIG. 1 needs a means for handing off 
active calls from one base station to another base 
station. The hand-off is necessary when the wire- 



less terminal that participates in the active call 
moves away from the neighborhood of one base 
station and into the neighborhood of another base 
station. 

Of course, such movement Is hardly ever com- 
pletely sudden, so the expectation is that there will 
always be a period of time where the signal 
strength between the wireless terminal and its cur- 
rent associated base station deteriorates (that base 
station being the Losing base station) while the call 
is still serviced by that base station. Hopefully, 
while the connection to the Losing base station 
deteriorates but is not yet unusable, the signal 
strength between the wireless terminal and some 
other base station (the Acquiring base station) in- 
creases, and the call can be handed off to the 
Acquiring base station. Otherwise, the call will 
eventually be lost. 

It is an aspect of the FIG. 1 arrangement that 
the call hand-off process for wireless terminals Is 
effected in the switches (e.g., 110 and 120) with 
features, or capabilities, that are otherwise used to 
provide service features and capabilities to wired 
terminals connected to the switches. These fea- 
tures may be used "as is" or slightly modified. 
Indeed, a number of such features can alternatively 
be used to effect hand-off. These are "confer- 
ence", "call transfer" and "bridging", and they are 
depicted in FIG. 1 by block 103. 

Bridging is the ability to have a call that is 
destined to a terminal associated with one number, 
appear at that terminal and at a number of another 
terminals. The typical application of bridging is 
secretarial coverage for an individual's telephone. 
The briding setup is preset . That is. it is admin- 
istered into the system a priori. The actual bridging 
of a particular call can be Initiated at will at the 
individual's phone, or at the secretary's phone, at 
any time (even when a call is in progress), simply 
by delivering an appropriate control message to the 
switch. 

This standard feature, which is used in switch- 
es In connection with wired terminals. Is ideal for 
effecting hand-off between two base stations con- 
nected to a switch, if the administration of the 
bridging can be made flexible enough to be cre- 
ated "on the fly". The reason bridging would be 
Ideal is because either party to the bridge can 
pickup to initiate a call and as long as either party 
is on. the call is not terminated. The hand-off can 
be under control of the base stations, or it can be 
under control of the wireless terminals. 

When base station (or wireless terminal) control 
is used, the Acquiring base recognizes the fact that 
the arriving wireless telephone is in the midst of an 
active call and also recognizes when the signal 
quality is sufficiently good to sustain reliable com- 
munication. At that point the wireless terminal 
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sends the Acquiring base a conference request to 
the switch and the switch responds by administer- 
ing the system appropriately and by bridging the 
active call through the Acquiring base station. At a 
somewhat later time the wireless terminal sends 
the Losing base a request to transfer to call to the 
Acquiring base, and the call to the Losing base is 
dropped. 

In some applications it may be useful to fail to 
discontinue the bridging because it may be ex- 
pected that the wireless telephone will return to its 
normal neighborhood within a short time and it 
would, therefore, be wasteful of resources to switch 
the wireless terminal back and forth between base 
stations. Even in situations where a drop off is 
recommended, it may be useful to set the low level 
threshold fairly low. 

As indicated above, the critical problem with 
the current embodiments of the bridging feature is 
that it must be pre-administered. Another problem 
is that currently available switches cannot bridge 
telephone terminals of other switches. Hence, with 
current embodiments of the bridging feature the 
more appropriate features to use are the conven- 
tional "conference" and/or "transfer" features. 

The "conference" feature contemplates bridg- 
ing a call to a user-specified number. It differs from 
the "bridging" feature in that it is not pre-admin- 
istered. A very close" cousin" of conferencing is 
the "transfer" feature where a call is terminated at 
the number from which the call is to be transferred, 
and connected to a specified number. 

Much like the process described in connection 
with bridging, the hand-off process that uses the 
conferencing feature is effected by first connecting 
the call to the number of the Acquiring base, and 
then transferring the call entirely to that number 
and away from the Losing base. In other words, the 
operation of establishing a connection with the Ac- 
quiring base and dropping the active connection 
with the Losing base parallels the operation em- 
ployed in connection with the bridging feature. 

It may be noted that if the "transfer" feature 
were capable of being honored in an essentially 
instantaneous manner, it would not be necessary to 
use the "conference" feature. The latter is used, 
however, because present systems implement the 
transfer feature by first disconnecting the call from 
the originating party (the Losing base) and then 
connecting the call to the transferred party (the 
Acquiring base). That, of course, creates a discern- 
ible gap in transmission that is not desirable. Con- 
ferencing eliminates such gaps. Of course, if one is 
willing to accept such a gap. the "transfer" feature 
can be used without resort to the "conferencing" 
feature. 

It may be noted that both the "conference" and 
"transfer" features are not limited to within a par- 
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ticular switch. A call can be conferenced with, or 
transfenred to, a different PBX or a different central 

offices. 

In connection with use of the "conference" 
5 feature "as is", it should be remembered that the 
present arrangement anticipates the conference 
button to be pushed (sending a command to the 
switch); a dial tone to be sent to the switch and in 
response thereto digits are received at the switch; 
10 and finally the conference button pushed again. 
This sequence can easily be built into the base 
stations, allowing the conventional "conference" 
feature to remain unmodified. Alternatively, the 
conference feature can be modified slightly to op- 
ts erate for both a wired terminals* conference re- 
quest and a wireless terminals* hand-off request. 
For example, the conference feature software can 
be modified to the following logic "if the dial digits 
signals follow the initial conference command in 
20 less than 10 msec, then assume that it is a wire- 
less terminal's hand-off request and don't wait for a 
second conference command". 

Multiple Appearances 

25 

The above-described approach for handling 
"hand-off" works quite well. However, there is an 
administrative issue that is associated with the de- 
scribed approach. That issue centers on the fact 

30 that particular information must be given to the 
switches to specify the logical port to which a call 
is to be transferred. That is, in a typical wired 
terminal application, a call transfer is effected by 
the switch being told something akin to "transfer 

35 this call to extension 3456". In a BRI environment, 
the switch would accept the designation "extension 
3456". translate it to a specific one of the two B 
channels of a particular ISDN switch port, and 
make the connection. 

40 In the schema described above, however, the 

wireless terminal registers itself with the base unit 
by providing it the terminal's wireless ID ~ which 
effectively is the terminal's phone number. The 
switch, at this point has two appearances of the 

45 terminal's phone number in it database: one cor- 
responding to the base station that is transferring 
the call, and the other corresponding to the base 
station to which the call is being transferred. 

A similar issue arises even when a call is not 

50 being transferred. Since there is a finite time during 
which a wireless terminal is registered with more 
than one base station, the question must be ad- 
dressed as to which base station would an incom- 
ing call be directed. 

55 One solution is to have each wireless terminal 

possess two IDs: a primary wireless ID, and a 
secondary wireless ID that is an alias of the pri- 
mary ID. When the wireless terminal is already in 

7 
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contact with one base station using one of its 
numbers, it can flip to the other number when 
contact is made with a second base station. Should 
the wireless terminal's movement suggest that the 
«rst or the second base station should be dropped 
in favor of a third base station, the wireless terminal 
can reuse the number employed with the dropped 
base station. 

In this approach it possible that the secondary 
wireless ID wilt be the only registered ID when a 
call comes it into the network. That presents no 
problem because the system can be told initially 
that the ID used is the secondary ID, and the table 
of aliases could be consulted to perform the neces- 
sary translation. That is. the requested ID is not 
found in the system, but an ID that is an alias of 
the requested ID is found to be associated with a 
particular base station. Hence, the call is directed 
to the base station. 

The Passive Bus 

Some aspects of the connection of base sta- 
tions to the switch have been already disclosed 
above, but there are two aspects that, perhaps 
should be highlighted. One is that the connection is 
Identical in kind to connections made by other 
(wired) terminals of the switch, such as telephone 
terminals 112, 126 and 124 in FIG. 1. The other is 
that when such a connection is made in accor- 
dance with the ISDN protocol, all of the features 
and capabilities that are afforded by the ISDN 
protocol are available to the base station and 
through the base station (with possible translation)' 
to the wireless terminals. ISDN connections belong' 
for purposes of this disclosure, to a class of con- 
nections that is called multi-point, or "passive bus" 
connections. 

A salient aspect of such connections is the 
ability to simulatneously carry more than one com- 
munication channel on the bus. In a BRI line, for 
example, connection can be had with eight termi- 
nals via the D channel, with two of the terminals 
being active (i.e. sending and receiving data) via 
the B channels. Thus, the arrangement of FIG 1 
allows line 111. for example, to be aware of tele- 
phone 112 and seven additional wireless terminals 
that at any moment are associated with base sta- 
tion 113. As depicted, there are four wireless termi- 
nals already associated with base station 113- but 
should terminals 130 and 128. for example, come 
closer to base 113. then the base station will be 
able to associate those wireless terminals with itself 
as well. 

The D channel also provides control capabil- 
ities other than the ones mentioned above, and all 
can be employed in connection with the wireless 
terminals. This includes call setup information, call 



takedown information, caller ID information, call 
feature activation information, call switch ID in- 
formation, registration information (described 
above), call hand-off information (disclosed above) 
5 and others. The D channel also provides packet 
switched user data delivery capability which allows 
multiple wired and wireless user data sessions to 
share the single D channel. 

The passive bus connection of a base station 
w to the switch forms another unique aspect of the 
FIG. 1 arrangement in that, as far as the switch is 
concerned, all features are offered to wired and 
wireless terminals with the same signals. No dis- 
tinction needs to be made in the switch whether a 
'5 "wired terminal "-command needs to be used or a 
"wireless terminal" -command needs to be used; 
and the advantages of such an arrangement to the 
switches are enormous. No new features need to 
be provided in the switches simply because wire- 
so less terminals are present and they need capabil- 
ities that are generally not needed for wired temii- 
nals. 



25 



Retrofit Through Adjuncts 



From the above it follows that if one is to use 
features and capabilities of a switch that are used 
for providing service to wired terminals, and em- 
ploy those features and capabilities to provide ser- 
30 vice to wireless terminals that are allowed to roam, 
then at least two features need to be available in 
the switch: "registration", and "transfer". The reg- 
istration provides the tracking capability, and the 
transfer provides the hand-off capability. To allow 
35 more than one (or very few) wireless terminals to 
be associated with a base station, the switch needs 
to also have a passive bus, or each base station 
needs to be connected to a multiple number of 
switch output ports. 
40 Alas, there is a large embedded base of PBXs 

and central office switches that do not have all of 
the necessary features. More specifically, whereas 
most PBXs and central office switches now do offer 
call transfer and conference features, not many 
45 offer the registration feature; and certainly not all 
PBXs or central office switches have ISDN ports. 
Yet, it would be desirable to retrofit those switches 
with wireless capability. This is accomplished, as 
shown in FIG. 3. with an adjunct switch that is 
so interposed between the terminals (wired and wire- 
less) and the PBX or the central office switch 
Adjunct processor 200 handles the tracking and 
passive bus capabilities and instructs the main 
switch (250) on where to transfer calls, where to 
55 call forward calls, what calls to drop. etc. 
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Base Station Block Diagram 

FIG. 4 presents a block diagram that is suitable 
for the base stations of FIG. 1. It basically com- 
prises RF circuitry section 200 that interfaces with 
the wireless terminals of FIG. 1, and a digital con- 
trol and interface section. Section 200 is com- 
pletely conventional, performing the RF transmis- 
sion and reception functions. The control and Inter- 
face section, in turn, is centered about micropro- 
cessor 210 with an associated ROM 220 and RAM 
230 that are connected to processor 210 via bus 
215. ROM 220 contains the program code that 
controls processor 210, and RAM 230 contains the 
variables and data buffers used during operation. 
Microprocessor 210 can be any one of a number of 
commercial microprocessors, such as the Motorola 
68302 microprocessor. 

Processor 210 Interfaces with the switch of 
FIG. 1 through ISDN interface 240. as well as with 
wired terminals (such as terminal 114 in FIG. 1) 
through data bus 251 and serial communication 
channel 252 (which make up port 250). Processor 
210 interfaces and with wireless section 200 
through RF interface block 260. 

RF interface 260 performs the specialized func- 
tions that are needed for the arrangement of FIG. 
1. More specifically, on the receive path, interface 
260 buffers the received signal coming from ele- 
ment 200 as appropriate (buffer 261), synchronizes 
the incoming data to the microprocessor and devel- 
ops therefrom control signals (synch circuit 262), 
separates the incoming signals into the B channels 
and the D channel (demultiplexer 263), and pro- 
vides control signals to microprocessor 210 to help 
identify the 8 subchannels on the D channel signal. 
On the transmit path, interface 260 accepts the B 
channels and the D channel signals from micropro- 
cessor 210. multiplexes the signals as appropriate 
(multiplexer 264), buffers the signals (buffer 265) 
and forwards the signals In the appropriate format 
to block 200. It Is possible that, save for some 
buffering, the elements of RF interface 260 can be 
implemented within microprocessor 210. 

ISDN interface 240 provides the means for 
providing the exact format expected by a PBX or a 
central office switch. It is quite likely that interface 
240 can be also implemented within microproces- 
sor 210, essentially in toto; but for sake of general- 
ity, FIG. 4 includes interface 240. The exact struc- 
ture of interface 240 is strictly a function of what 
can be implemented in microprocessor 210 and 
what are the particular requirements of the PBX or 
central office processor that one wishes to use. 
Generally, however, one can anticipate that inter- 
face 240 will, at most, contain a small microproces- 
sor, or a number of registers coupled to a small 
combinatorial circuit. The exact design would be 
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quite conventional and does not form a part of this 
invention. Sync circuit 270 synchronizes the oper- 
ations of the microprocessor with that of the switch 
in the FIG. 1 arrangement and also facilitates a 
5 seemless. transparent, ISDN communication be- 
tween the switch and a wired terminal that may be 
connected at port 250; as depicted, for example, in 
FIG. 1 with computer 114. 

10 The Wireless Terminals 

The wireless terminals of the FIG. 1 arrange- 
ment are essentially conventional wireless termi- 
nals. They need to communicate with the base 

76 Stations in an error free way, and to that end they 
include a preselected, agreed-upon protocol. That, 
as indicated above, is perfectly conventional. All 
present-day wireless communication systems have 
some error detection/correction protocol in place 

20 (e.g.. retransmission). 

In addition, the wireless terminals of FIG. 1 
need to communicate In the format chosen by the 
designer for communicating "over the air" the two 
B channels, the maintenance and framing bits, and 

25 the one D channel-in a BRI base station Lastly, 
the wireless terminals need to listen to all of the 
possible frequencies of base stations (which con- 
ventional wireless terminals already do) and re- 
spond to hailing packets as detailed above. 

30 FIG. 5 presents a block diagram of such a 

conventional wireless terminal. It is a block diagram 
(simplified somewhat) of a wireless terminal made 
by Siemens. The elements in that block diagram 
may be modified slightly to provide the functional- 

35 ity ascribed above to the wireless units of the FIG. 
1 system. 

In FIG. 5, incoming digital data signal is re- 
ceived by antenna 310 and is directed to element 
302 via RF amplifier 301. The receiver detects the 

40 signal, which comes in bursts, decodes the bursts 
in element 313 and applies the decoded B channel 
signal to speech circuit 323. Speech circuit 323 
develops a digital speech signal and applies it to 
D/A converter 314 in chip 304. The analog speech 

45 signal output of circuit 314 is then applied to 
speaker 305. 

On the return side, speech signals developed 
in microphone 307 are digitized in A/D converter 
324 and the digital signal is applied to element 

50 323. Therein, the speech signal is encoded and 
applied to burst-building element 343. The burst of 
digital data is then applied to RF transmitter ele- 
ment 309. which properly modulates the signal, 
amplifies it in RF amplifier 310, and sends It to 

55 antenna 31 1 . 

Controller/ memory element 333 controls the 
wireless terminal. It is responsive to the user 
(through the battery control and the keypad (308), 

9 
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and it communicates with the user through the 
display (308). It also communicates with elements 
313, 323 and 343 through control lines 358, 356 
and 357. 

In addition to identifying speech signals, burst 
1^ decoding circuit 313 also identifies the mainten- 

ance and framing bits, and the control signals In 
the incoming data stream and applies those signals 
to controller/ memory element 333 through line 
353. Controller 333 captures the D channel control 
information and operates on the address and data 
fields, as appropriate. For example, when the D 
channel data specifies that one of the B channel 
fcr signals is for the wireless terminal, then control- 

ler/memory element 333 activates element 323 (via 
line 356). Otherwise, element 323 is inactive. Also, 
if the D channel data specifies that the received 
packet is merely a hailing packet, then control- 
^ ler/memory element 333 merely directs burst build- 

ing element 343 to create a response packet. 

In summary, conventional wireless terminals 
with slight software modification to the control- 
ler/memory is all that is necessary to realize wire- 
less terminals that are suitable for the FIG. 1 sys- 
tem. 

Claims 



active communication with a wireless terminal. 

6. The arrangement of claims 1 where the means 
for handing off employs the conference and 
transfer features of the switch having the base 
station with the active communication with a 
wireless terminal. 



1. A switching arrangement Including one or 

more switches having switch ports, comprising; 30 

at least two wireless base stations con- 
nected to said switch ports, which base sta- 
tions are adapted for communicating with a 
wireless terminal, and 

means for handing off an active connection 35 
of the wireless terminal with one of the wire- 
less base stations to an active connection with 
another of the wireless base stations using a 
process that is also used for providing service 
to wired terminals connected to the switch 4o 
ports. 



2. The switch arrangement of claim 1 where the 
base stations are connected to the same 
switch. ^ 

3- The switch arrangement of claim 1 where the 
base stations are connected to different switch- 
es. 

50 

4. The arrangement of claim 1 where the means 
for handing off employs the bridging feature of 
the switch having the base station with the 
active communication with a wireless terminal. 

55 

5. The arrangement of claims 1 where the means 
for handing off employs the transfer feature of 
the switch having the base station with the 
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